Objective: To examine the relationship of recalled adverse childhood experiences (ACEs) with migraine and episodic tension-type headache (ETTH).
Childhood maltreatment is a worldwide problem linked to a broad range of medical and psychiatric comorbidities in adulthood, including neurologic and pain disorders. [1] [2] [3] [4] [5] [6] [7] [8] Estimates of the prevalence of childhood maltreatment based on self-report in adulthood range from 8% to nearly 40%. [9] [10] [11] Frequent headache was associated with emotional, sexual, and physical abuse in the landmark Adverse Childhood Experiences (ACEs) Study but headache types were not differentiated. 12 Other pioneering studies support the association but are limited by the nature of their samples (e.g., subspecialty headache centers), incomplete characterization of headache subtypes, or limited assessment of ACEs. [6] [7] [8] [13] [14] [15] [16] [17] Our objective was to test the hypothesis that ACEs are more strongly associated with migraine than episodic tension-type headache (ETTH). We evaluated rates of childhood emotional maltreatment (abuse and neglect) and sexual abuse in a large, US population-based sample of persons with migraine and tensiontype headache using a case-control design. We also sought to determine whether ACEs were associated with headache frequency and whether the number of types of ACEs had an influence. Finally, we examined the effect of anxiety and depression on the associations among ACEs, headache subtype, and frequency.
METHODS The American Migraine Prevalence and Prevention (AMPP) Study is a longitudinal, population-based, 2-phase study. 18 In phase 1, a self-administered screening questionnaire was mailed to a stratified sample of 120,000 households encompassing 257,339 household members, selected to be representative of the US population and drawn from a panel maintained by National Family Opinion, Inc. Surveys were returned by 77,879 households (64.9%), yielding data for 162,756 household members aged 12 years and older. A total of 30,721 respondents reported experiencing "severe headache." Usable data were obtained from 30,291 respondents, of whom 28,261 reported a headache in the preceding year. A random sample of 24,000 adults (aged 18 years and older) from those who reported experiencing at least one headache in the preceding year were selected to participate in phase 2, a longitudinal study with annual follow-up (2005) (2006) (2007) (2008) (2009) . Respondents are asked to complete a self-administered questionnaire assessing headache frequency, severity, symptomology, and other information necessary to assign a diagnosis based on International Classification of Headache Disorders, second edition (ICHD-2) criteria. 19 Additional data collected in 2007 included sociodemographic variables, depression and anxiety measures, and selected subscales from the Childhood Trauma Questionnaire (CTQ). 20 Reasons for nonparticipation were not assessed during the screening phase or at annual follow-up.
Study design. We conducted a cross-sectional analysis of respondents to the 2007 AMPP Study survey who met ICHD-2 criteria for migraine or ETTH and completed CTQ items. Using a nested case-control study design, we sampled the outcome (headache) and used a validated questionnaire to have adult participants recall adverse experiences they had in childhood and adolescence. The migraine group included all frequencies of headache (i.e., episodic migraine [EM] and chronic migraine). Because there was not a headache-free control group available, we used the cohort with the least intense and frequent headaches, ETTH, as a comparison group.
Standard protocol approvals, registrations, and patient consents. This study was approved by the Albert Einstein College of Medicine institutional review board.
Data collection: Variables and instruments. Sociodemographic data. Sociodemographic data, including age, sex, weight, and height, were obtained via self-report. Other data, including race, ethnicity, geographic region, and annual household income, were obtained from National Family Opinion, Inc. Data collected by the US Census Bureau were accessed to demonstrate that $30,000 is the upper bound for the lower third of annual household incomes. 21 Headache information and diagnoses. Information about headache frequency, severity, and associated symptoms was collected via respondent self-report. ICHD-2 criteria for primary headache were applied to responses to identify headache subtypes using the American Migraine Study/AMPP diagnostic module, which has a sensitivity of 100% and specificity of 82% for the diagnosis of migraine, 22 and sensitivity of 91% and specificity of 80% for the diagnosis of chronic migraine. 23 History of childhood maltreatment. History of childhood maltreatment (younger than 18 years) was assessed using portions of the CTQ, a retrospective, self-report measure of ACEs. 20 This questionnaire has shown measurement invariance across 4 samples diverse in age, geography, and health status, as well as good criterion-related validity in a sample of adolescents with corroborative data available from therapists with access to families, referring physicians, child welfare agencies, and court records. 20 Our survey included subscales for emotional abuse and emotional neglect and 2 sexual abuse items. The emotional abuse and neglect subscales have 5 response options ranging from never true to very often true. Summed subscale scores range from 5 (no history of abuse or neglect) to 25 (very extreme history of abuse and neglect). The survey included 2 sexual abuse items, one taken directly from the CTQ. Cut scores were $13 for emotional abuse (moderate to severe), $15 for emotional neglect (moderate to severe), and an answer of sometimes/often/very often true to either sexual abuse question (see the figure) .
Depression and anxiety. Depression was assessed using the Patient Health Questionnaire-depression module (PHQ-9), 24 a validated measure of major depressive disorder based on DSM-IV criteria. 25 The PHQ-9 assesses depressive symptomology over the preceding 2 weeks. Sum scores range from 0 to 27. We used the validated dichotomous cut score of $10 indicating moderate or more severe depression in our analyses.
Anxiety was assessed using the anxiety module of the Patient Health Questionnaire, 24 a validated instrument based on DSM-IV criteria, 25 with questions about 7 symptoms of anxiety over the preceding 4 weeks with 3 response options: not at all, several days, and more than half the days. Anxiety was coded as a dichotomous variable according to the DSM-IV and PHQ clinical algorithms. A respondent who endorsed the first item, "feeling nervous, anxious, on edge, or worrying about a lot of different things," and at least 3 additional symptoms with "more than half the days" was assigned a diagnosis of anxiety.
Analyses. Analyses were performed using IBM SPSS Statistics version 20.0.0 (IBM, Armonk, NY). A p value of #0.05 was used to identify statistically significant effects. Descriptive statistics were generated for all dependent variables by migraine and ETTH. We modeled dichotomous outcomes of migraine vs ETTH using binary logistic regression with CTQ subscales as predictors adjusting for sociodemographic variables. In subsequent models, we adjusted for depression and anxiety. The relationship of headache day frequency and ACEs was examined using an ordinal logistic regression proportionate odds model assuming that the odds ratios (ORs) for abuse are uniform moving across headache frequency strata from #4 to 5-9 to 10-14 to $15 days per month. The proportional odds assumption for headache frequency categories was tested on a 25% random subsample of our total population with a parallel lines test. The test results were nonsignificant and null hypothesis was retained, thus showing support for the proportionality assumption.
RESULTS
In 2007, the AMPP Study survey was sent to 20,489 and returned by 14,069 respondents (68.7%). Eligible respondents provided the necessary data for analysis and had either ICHD-2-defined migraine (n 5 8,305, of whom 557 [6.8%] had chronic migraine) or ETTH (n 5 1,429). Compared with the ETTH group, those with migraine were more likely to be younger, female, and have an annual household income of .$30,000 per year, and were more likely to have depression and anxiety ( (table 2) . We examined the influence of each type of maltreatment on the relative odds of migraine vs ETTH (table 3) . In models adjusted for sociodemographic variables, each type of maltreatment independently predicted higher relative odds of migraine. Further adjustments for depression and anxiety slightly attenuated the ORs in all models; in these fully adjusted Presence of anxiety is indicated when respondent endorsed feeling "nervous, anxious, on edge, or worrying a lot about different things" in the preceding 4 weeks on more than half the days plus the presence of 3 or more additional anxiety symptoms on more than half the days. about different things" in the preceding 4 weeks on more than half the days plus the presence of 3 or more additional anxiety symptoms on more than half the days. Neurology 84 January 13, 2015 135 models, emotional abuse and the composite variable, any maltreatment, remained statistically significant.
We examined the relationship between the number of types of maltreatment and the relative odds of migraine vs ETTH. In models adjusted for sociodemographic factors, compared to the group with no maltreatment, a single type of maltreatment is associated with a marginally significant increase in the odds of migraine (OR 1.17, 95% confidence interval [CI] 1.00-1.36). The association with migraine increased for those with 2 (OR 1.52, 95% CI 1.25-1.86) or 3 types of ACEs (OR 1.44, 95% CI 1.09-1.93). With further adjustments for depression and anxiety, the relative odds of migraine vs ETTH as a function of the number of maltreatment forms decline but remain statistically significant for those with 2 (OR 1.37, 95% CI 1.12-1.68) but not 3 types of ACEs.
Using an ordinal logistic regression proportional odds model, we tested the association of childhood maltreatment and headache frequency defined with the following categories: low-frequency EM (0-4 days per month), moderate-frequency EM (5-9 days per month), high-frequency EM (10-14 days per month), and chronic migraine ($15 days per month). When adjusted only for sociodemographic variables, there were statistically significant increases in the relative odds of being in a higher frequency headache category as a function of emotional neglect (OR 1.18, 95% CI 1.05-1.32), emotional abuse (OR 1.27, 95% CI 1.12-1.43), sexual abuse (OR 1.25, 95% CI 1.08-1.45), and the any maltreatment composite variable (OR 1.24, 95% CI 1.11-1.38). After adjustment for depression and anxiety, all of these models lost statistical significance (table 4) . Interpretation of these results is offered in the discussion.
We examined the effect of number of maltreatment types on increased headache day categories and found a dose effect after adjusting for sociodemographics with the relative odds 1.18 (95% CI 1.03-1.34) for 1 ACE, 1.23 (95% CI 1.05-1.43) for 2 ACEs, and 1.40 (95% CI 1.13-1.73) for 3 ACEs, suggesting a trend. However, after adjusting for depression and anxiety, the results lost statistical significance. DISCUSSION We examined a population sample of persons with migraine or ETTH for 3 types of ACEs-emotional neglect, emotional abuse, and sexual abuse-in this nested case-control study. Each type of ACE was associated with an increased risk of migraine vs ETTH in analyses adjusted for sociodemographic variables. The association with migraine was stronger for emotional abuse than for sexual abuse. For emotional abuse, results remained significant after adjusting for depression and anxiety, but this was not the case for emotional neglect and sexual abuse. Replacing the binary PHQ-9 score with the continuous PHQ-9 as a covariate in logistic models testing the association of abuse and headache type did not materially alter the results. All 3 forms of maltreatment were also associated with headache day frequency category in the migraine group, but results lost significance after adjusting for depression and anxiety.
Previous retrospective reports have shown that childhood maltreatment is associated with headache, [6] [7] [8] 12 specifically migraine, [15] [16] [17] but have not contrasted the association in the 2 most common forms of primary headache, migraine and tension-type headache. In the AMPP Study, we do not have data from a headache-free group. The ACE Study, using a questionnaire derived from the CTQ, provides a large survey estimating rates of abuse and neglect in a health plan-based sample. 26 In the present report, rates of emotional abuse were highest for migraine (22.5%) and intermediate for ETTH (16.7%); in the ACE Study, reported rates of emotional abuse were lower for the subgroup without frequent headache (9.2%). 12 Similarly, rates of emotional neglect were highest in the migraine group (24.5%) and intermediate for ETTH (21.5) . In the ACE Study, rates of emotional neglect were lower (14.8%), but data for the subgroup without frequent headache are not available. 12 A multicentered headache subspecialty center study used the CTQ to determine rates of emotional abuse and neglect for adult patients with migraine. 27 Rates for emotional abuse (22.5% vs 20%) and emotional neglect (24.5% vs 19.0%) were higher in the AMPP Study than in the clinic-based sample, perhaps because social desirability bias leads to underreporting on questionnaires answered in the clinic. 28 The elevated prevalence of recalled emotional abuse and neglect in both a population-based and a clinicbased study supports our hypothesis that ACEs are more common in persons with migraine. Depression and anxiety, 2 disorders purported to amplify sensitivity to pain, are each associated with both migraine and abuse. [29] [30] [31] Adjusting for depression and anxiety lessened the association of ACEs and migraine. However, the influence of emotional maltreatment and any maltreatment remained statistically significant after adjustment. Within general populations, a study of migraine and 3 studies of pain noted the independent influence of childhood maltreatment, although there was some evidence for depression-related mediation as well. 17, [29] [30] [31] Within headache clinic samples, one study found that the relationship of chronic migraine and abuse was dependent on depression, 13 whereas in a second larger study, it was not. 14 The attenuation of the influence of maltreatment on migraine by depression and anxiety could be attributed to mediation, confounding, or to a common brain substrate. Under the hypothesis of mediation, ACEs may contribute to the development of depression and anxiety, which in turn contribute to the development of migraine. Under the hypothesis of confounding, depression and anxiety are associated with both the exposure (ACEs) and the outcome (migraine) while not part of the causal pathway linking them. Alternatively, ACEs may give rise to a brain substrate that predisposes to depression, anxiety, and migraine, a hypothesis partially supported by evidence that ACEs are associated with enduring brain changes. 32 Under the hypotheses of mediation or shared brain substrate, adjusting for depression and anxiety is overadjusting because they are in the causal pathway.
In addition to migraine and tension-type headache, a number of other pain conditions including fibromyalgia, irritable bowel syndrome, interstitial cystitis, and temporomandibular joint disorder have also been associated with recalled ACEs in retrospective studies. 33 These conditions are referred to as complex persistent pain conditions. 34 The term central sensitization syndromes is also applied, 35 implying a potential shared pathogenesis. Studies showing that ACEs are linked to biomarkers of inflammation in adulthood suggest a possible mechanistic pathway. 36 Abuse-induced stress during childhood, a time of heightened CNS plasticity, has also been hypothesized to have a role in the development of chronic pain disorders via production of psychobiological changes that enhance pain sensitivity. 37 Our results suggest a dose-response effect in the relationship between number of ACEs and headache subtype. The relative odds of migraine vs ETTH were higher in those with 2 or 3 forms of ACEs in contrast to those with a single form. Results were not Table 4 Relative odds of increasing headache frequency among persons with migraine as a function of maltreatment adjusting for sociodemographic variables status 0-4 d/mo, n (%) statistically significant for those with 3 forms of adverse experience, perhaps because of the smaller sample size. The ACE Study 12 found that the prevalence and odds of developing frequent headache increased with number of ACEs experienced in childhood. The headache clinic study found within the migraine population a direct positive correlation between the number of maltreatment types and pain conditions. 33 These dose-response relationships suggest the possibility of a causal relationship between abuse and pain, including migraine. Within the AMPP Study migraine group, each and any type of maltreatment was associated with the higher likelihood of increased headache frequency. Furthermore, the relative odds of increased frequency are a function of the number of maltreatment types. The attenuation of the association of ACEs with headache frequency by anxiety and depression may be attributable to confounding, mediation, or a shared brain substrate. This is at odds with headache clinic study findings that the association of emotional abuse and neglect with chronic (as opposed to episodic) migraine was independent of, although influenced by, depression and anxiety. 14 A better understanding of abuse-related changes in brain structure and regulation of the endocrine, autonomic, and immune systems may help explain these discrepant findings.
Strengths of our study include a large and population-based sample. We used validated instruments such as the American Migraine Study/AMPP diagnostic module, the CTQ emotional abuse and neglect modules, and the PHQ/Primary Care Evaluation of Mental Disorders measures of depression and anxiety.
Limitations include the collection of self-reported data for a number of variables and the lack of a nonheadache control group. Most likely, the use of a tension-type headache control group, with selfdescribed "severe" headaches, reduced our estimates of the association between migraine and ACEs. Recall bias is a limitation of case-control studies. The passage of time, coupled with the traumatic nature of ACEs may interfere with accurate recall, perhaps leading to underreporting. However, depressed mood may lead to recasting of past experiences in a negative light, raising the specter of overreporting. Two studies ascertained childhood abuse both through court documents and self-report. Abuse based on court records failed to demonstrate an association with pain in adulthood and documented maltreatment, whereas the association was demonstrated using selfreports. 31, 38 Analysis of one of the studies suggested that the review of court records may have missed cases of abuse. 38 This could falsely attenuate the association of childhood abuse and adult pain. A third prospective study in children and adolescents found that those who were sexually abused were more likely than a matched control group to experience somatic difficulties, including pain. 39 Finally, we were not able to collect the entire CTQ because of space limitations in the AMPP Study survey. Therefore, we did not have data on physical abuse and neglect, all of the sexual abuse items, or other adverse experiences of childhood.
Given the high rates of ACEs and the association with migraine, particularly in depressed persons, health care professionals should be attuned to the issues of ACEs, including development of posttraumatic stress disorder, nonsuicidal self-injurious behaviors, and revictimization. Health care professionals may consider incorporating a validated questionnaire into their clinical assessment and should have information and referral options readily available. For additional
Comment: Childhood maltreatment and headache disorders
Migraine has long been described as comorbid with depression and anxiety. A growing body of literature now also supports that migraine is associated with trauma and stress-related disorders. 1 This large, general population study evaluated the association between several adverse childhood events (ACE) and headache in 8,305 migraineurs as compared to 1,429 persons with tension-type headache (TTH). 2 The results showed that the crude odds of migraine were greater in those with each ACE (including emotional neglect, emotional abuse, and sexual abuse) as compared to those with TTH. Although there were similar findings after adjusting for demographics, after adjusting for depression and anxiety the odds of migraine were greater only in those with emotional neglect, as compared to those with TTH. Further, the odds of migraine, as compared to TTH, were greater in those with 2 vs 1 adverse childhood events, even after adjustments for depression and anxiety. 2 This study was well-described and analyzed. As the authors noted, the substantial attenuation of the effect of ACE after adjusting for depression and anxiety suggests the presence of mediation or collinearity. This may be particularly relevant given that exposure to traumatic life stressors (such as ACE) is associated with an increased risk of depression and anxiety and that traumatic life stressors are among the most common causes of posttraumatic stress disorder, a trauma and stress-related disorder, which was classified as an anxiety disorder up until 2013. 3, 4 Future studies comparing both migraine and TTH participants to no headache controls will be of interest.
This study is an important contribution to advancing our understanding of the association between ACE and headache disorders. In particular, it highlights the importance of identification of ACE in both migraine and TTH participants as this can help guide treatment strategies and future research.
information, see the American Academy of Neurology program Recognizing Abuse in Your Neurology Patients, available at http://tools.aan.com/education/webcme/ index.cfm?event5program:info&program_id55. For patient information, see http://www.achenet.org/ resources/abuse_maltreatment_and_ptsd_and_their_ relationship_to_headache_and_migraine/.
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